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PROBLEM TO BE SOLVED: To provide the structure of an optical 
waveguide substrate having cores in a fine pattern which hardly cause 
decrease in transfer accuracy during forming the cores due to thermal 
expansion and a method of manufacturing the optical waveguide substrate. 
SOLUTION: A UV-curing resin 12 is applied onto a lower clad layer 11 
made of a planar glass substrate. The UV-curing resin 12 is hardened by 
irradiation with UV rays through the back face of a die which has linear 
projections of the core pattern and transmits UV rays so as to form an 
intermediate clad layer 13 having grooves 14. Then the grooves 14 are filled 
with a transparent resin having a different refractive index to form the 
cores 15. Then an upper clad layer 17 made of a planar glass substrate is 
fixed thereto to manufacture the optical waveguide substrate. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiners 

decision of rejection or application converted registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of rejection] 
[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



http://www19.ipdl.ncipi.gojp/PA1/result/detail/main/wAAABDay6ZDA414071993.. 



2007/03/19 



JP.2002-071993.A ICLAIMSJ 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Are the manufacture approach of the optical waveguide substrate which restrains a light beam by incore and is made to 
spread in accordance with the shaft of said core, and the glass substrate of a refractive index nl is processed into a 
predetermined configuration. The process which obtains the lower cladding layer which makes one flat surface an optical plane of 
composition, and the process which applies to the optica! plane of composition of said lower cladding layer the ultraviolet-rays 
hardening resin which has a refractive index n2, the line which has the same configuration as said core — the mold which 
penetrates the ultraviolet rays in which heights were formed — using — said ultraviolet-rays hardening resin — pressing — said 
type of line — with the process which makes heights contact the optical plane of composition of said lower cladding layer The 
process which obtains the middle cladding layer in which the slot which releases said mold from mold and serves as space of said 
core after stiffening said ultraviolet-rays hardening resin by irradiating ultraviolet rays from said type of rear face was formed. 
Said slot of said middle cladding layer is filled up with the transparence resin which has a refractive index n3 (n3> n2, n1). The 
manufacture approach of the optical waveguide substrate characterized by having the process which forms an up cladding layer 
in the top face of the process which obtains said core by making it harden, and said middle cladding layer after said core was 
formed by joining the flat-surface glass substrate which has a refractive index n4 (n4<n3). 

[Claim 2] The lower cladding layer which is the optical waveguide substrate which restrains a light beam by incore and is made to 
spread in accordance with the shaft of said core, and consists of a flat-surface glass substrate of a refractive index nl. The 
middle cladding layer in which the slot which is pinched by the up cladding layer which consists of a flat-surface glass substrate 
of a refractive index n4, and said lower cladding layer and said up cladding layer, consists of ultraviolet-rays hardening resin 
which has a refractive index n2, and serves as space of said core was established. The optical waveguide substrate characterized 
by having said core which the slot of said middle cladding layer was made to fill up with and harden the transparence resin which 
has a refractive index n3 (n3> n4, n2, n1), and was obtained. 

[Claim 3] Are the manufacture approach of optical waveguide components of combining the optical waveguide substrate which 
restrains a light beam by incore and is made spreading in accordance with the shaft of said core, and an optical fiber, and the 
glass substrate of a refractive index n1 is processed into a predetermined configuration, the line for forming the process which 
obtains the glass substrate for [ fabricated ] which makes one flat surface an optical plane of composition, and the fixed slot of 
said optical fiber, while pressing said glass substrate for [ fabricated ] using the press die in which the crest type projection was 
formed While making it soften by heating said glass substrate for [ fabricated ] and forming said fixed slot in said some of glass 
substrates for [ fabricated ] The process which forms a lower cladding layer in other parts of said glass substrate for 
[ fabricated ], The process which applies to the top face of the lower cladding layer of said glass substrate for [ fabricated ] the 
ultraviolet-rays hardening resin which has a refractive index n2, The mold which penetrates the ultraviolet rays in which heights 
were formed is used, the line which has the same configuration as said core — said line — the center line of the fixed slot of 
heights and said optical fiber is in agreement — as — said ultraviolet-rays hardening resin — pressing — said type of line — 
with the process which makes heights contact the flat-surface part of the lower cladding layer of said glass substrate for 
[ fabricated ] The process which obtains the middle cladding layer in which the slot which opens said mold wide and serves as 
space of said core after stiffening said ultraviolet-rays hardening resin by irradiating ultraviolet rays from said type of rear face 
was formed. The process which obtains said core by making the slot of said middle cladding layer fill up with and harden the 
transparence resin which has a refractive index n3 (n3> n2, n1), The manufacture approach of the optical waveguide components 
characterized by having the process which forms an up cladding layer in the top face of the middle cladding layer after said core 
was formed by joining the flat-surface glass substrate which has a refractive index n4 (n4<n3). 

[Claim 4] They are the optical waveguide components which combine the optical waveguide substrate which restrains a light 
beam by incore and is made to spread in accordance with the shaft of said core, and an optical fiber. The lower cladding layer 
which consists of a glass substrate of a refractive index n1 and by which the optical plane of composition was formed in said 
some of glass substrates, and the base substrate which has the optical fiber joint by which the fixed slot of said optical fiber was 
formed in other parts of said glass substrate, The middle cladding layer by which it was prepared in the optical plane of 
composition of the lower cladding layer of said base substrate, and the slot which consists of ultraviolet-rays hardening resin 
which has a refractive index n2, and serves as space of said core was prepared on the production of the fixed slot of said optical 
fiber. Said core which the slot of said middle cladding layer was made to fill up with and harden the transparence resin which has 
a refractive index n3 (n3> n2, n1), and was obtained, The optical waveguide components characterized by having the up cladding 
layer which joined the flat-surface glass substrate which has a refractive index n4 (n4<n3) to said core and top face of a middle 
cladding layer, and was formed in them. 

[Claim 5] Are the manufacture approach of the optical waveguide substrate which restrains a light beam by incore and is made to 
spread in accordance with the shaft of said core, and the glass substrate of a refractive index n1 is processed into a 
predetermined configuration. The process which obtains the lower cladding layer which makes one flat surface an optical plane of 
composition, and the process which applies to the optical plane of composition of said lower cladding layer the ultraviolet-rays 
hardening resin which has a refractive index n2 (n2> n1). the line which has the same configuration as said core — the mold 
which penetrates the ultraviolet rays in which the crevice was formed — using — said ultraviolet-rays hardening resin — 
pressing — said type of line — with the process which makes the flat-surface section except a crevice contact the optical plane 
of composition of said lower cladding layer By stiffening said ultraviolet-rays hardening resin and opening said mold from a press 
condition by irradiating ultraviolet rays from said type of rear face The process which forms said core in the top face of said 
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lower cladding layer, and by applying and stiffening the transparence resin which* has a refractive index n3 (n3<n2) so that said 
core may be wrapped in The manufacture approach of the optical waveguide substrate characterized by having the process 
which forms a plate-like up cladding layer, and the process which forms the flat-surface glass substrate for protection in the top 
face of said up cladding layer. 

[Claim 6] The lower cladding layer which is the optical waveguide substrate which restrains a light beam by incore and is made to 
spread in accordance with the shaft of said core, and consists of a flat-surface glass substrate of a refractive index n1. Said, 
core formed in the top face of said lower cladding layer convex using the ultraviolet-rays hardening resin which has a refractive 
index n2 (n2> nl). The optical waveguide substrate characterized by having the up cladding layer formed in plate-like by applying 
and stiffening the transparence resin which has a refractive index n3 (n3<n2) so that said core may be wrapped in. and the flat- 
surface glass substrate for protection formed in the top face of said up cladding layer. 

[Claim 7] Are the manufacture approach of optical waveguide components of combining the optical waveguide substrate which 
restrains a light beam by incore and is made spreading in accordance with the shaft of said core, and an optical fiber, and the 
glass substrate of a refractive index n1 is processed into a predetermined configuration, the line for forming the process which 
obtains the glass substrate for [ fabricated ] which makes one flat surface an optical plane of composition, and the fixed slot of 
said optical fiber, while pressing said glass substrate for [ fabricated ] using the press die in which the crest type projection was 
formed While making it soften by heating said glass substrate for [ fabricated ] and forming the fixed slot of said optical fiber in 
said some of glass substrates for [ fabricated ] The process which forms a lower cladding layer in other parts of said glass 
substrate for [ fabricated ], The process which applies to the top face of the lower cladding layer of said glass substrate for 
[ fabricated ] the ultraviolet-rays hardening resin which has a refractive index n2 (n2> n1). The mold which penetrates the 
ultraviolet rays in which the crevice was formed is used, the line which has the same configuration as said core — said line — 
said ultraviolet-rays hardening resin being pressed so that the center line of a crevice and the fixed slot of said optical fiber may 
be in agreement, and with the process which makes the flat-surface section except said type of crevice contact the top face of 
said lower cladding layer By stiffening said ultraviolet-rays hardening resin and opening said mold from a press condition by 
irradiating ultraviolet rays from said type of rear face The process which forms said core in the top face of said lower cladding 
layer, and by applying the transparence resin which has a refractive index n3 (n3<n2) so that said core may. be wrapped in The 
manufacture approach of the optical waveguide components characterized by having the process which forms a plate-like up 
cladding layer, and the process which forms the flat-surface glass substrate for protection in the top face of said up cladding 
layer. 

[Claim 8] They are the optical waveguide components which combine the optical waveguide substrate which restrains a light 
beam by incore and is made to spread in accordance with the shaft of said core, and an optical fiber. The lower cladding layer 
which consists of a glass substrate of a refractive index n1 and by which the optical plane of composition was formed in said 
some of glass substrates, and the base substrate which has the optical fiber joint by which the fixed slot of said optical fiber was 
formed in other parts of said glass substrate. Said core formed in convex so that it might be prepared in the top face of the 
lower cladding layer of said base substrate, and it might consist of ultraviolet-rays hardening resin which has a refractive index 
n2 (n2> n1) and might be in agreement with the production of the fixed slot of said optical fiber, By applying and stiffening the 
resin which has a refractive index n3 (n3<n2) so that said core may be wrapped in The optical waveguide components 
characterized by having the up cladding layer formed in plate-like, and the flat-surface glass substrate for protection formed by 
joining a glass substrate to the top face of said up cladding layer. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical waveguide component for it being highly precise and connecting a 
reliable optical waveguide substrate and its reliable manufacture approach, and an optical fiber which can be manufactured by the 
cheap approach, and its manufacture approach. 
[0002] 

[Description of the Prior Art] D raw ing 13 is the sectional view showing the structure of the optical waveguide substrate of a 
general quartz system single mode. It is shown to a light beam to this optical waveguide substrate at the part of core 122a with a 
refractive index higher than the lower cladding layer 121 and the up cladding layer 123, and it has composition which a light beam 
spreads to the shaft orientations of optical waveguide. 

[0003] Such a manufacture approach of the conventional optical waveguide substrate is explained using drawin g 14 . As shown in 
drawing 14 (a), the flame depositing method etc. is used on the quartz substrate which served as the lower cladding layer 121. 
the optical material 122 with a refractive index higher than the lower cladding layer 121 is formed, and it changes into a condition 
like drawin g 14 (b). Next, by the dry etching method, an optical material 122 is processed into the pattern of a predetermined 
core, and core 122a is formed in the photograph RISOGURAFU method list like drawing 14 (c). Finally, as shown in drawingJ4 (d). 
the method of wrap up cladding layer 1 23 is formed, and an optical waveguide substrate is made to core 1 22a. as the bibliography 
which indicated such a manufacture approach — the Kawachi work. Optronics, and No. — there are 8, 85, and 1988 grades. 
[0004] On the other hand, shaping is easy although the penetrable ability and dependability of light are inferior in a resin 
ingredient compared with a quartz. For this reason, the optical waveguide substrate using resin is also examined in order to attain 
low cost-ization of an optical waveguide substrate. The manufacture approach of the optical waveguide substrate made of resin 
carries out sequential formation of a cladding layer and the core layer, like manufacture of the optical waveguide substrate made 
from a quartz, carries out patterning of the core by the dry etching method, and manufactures it. 

[0005] However, when a FOTORISO graphic method arid the dry etching method are used for patterning of a core, much 
complicated and highly precise facilities are needed. Therefore, in having manufactured the optical waveguide substrate by such 
approach, although the ingredient is cheap, it is difficult to manufacture an optical waveguide substrate cheaply substantially. 
[0006] Recently, the manufacture approach of an optical waveguide substrate as shown in drawing 15 is used as indicated by 
JP.8-320420.A. By this manufacture approach, as shown in drawing 15 (a), using the moldings 131-ed which consists of 
thermoplastics like glass, heating softening of this is carried out and it is made plate-like. Next, as shown in drawing 15 (b), press 
forming is carried out by the press die which has the reversal configuration (heights) of a core pattern, and a moldings is taken 
out after cooling. If it carries out like this, the imprint of a core pattern will be performed and crevice 131a will be formed. In 
order to use this plate-like member as an optical waveguide substrate, as shown in drawin g 15 (c), the resin 132 with which 
refractive indexes differ is embedded at crevice 131a. Next, as shown in drawin g 15 (d), the substrate used as the up cladding 
layer 133 is formed in the top face of the lower cladding layer 134, and an optical waveguide substrate is produced. 
[0007] 

[Problem(s) to be Solved by the Invention] However, by such imprint approach, since the moldings-ed which carried out heating 
softening is contacted to a press die and it cools, it originates in the difference of the coefficient of thermal expansion of a 
moldings-ed and a press die, and thermal stress occurs. Consequently, the precision of the pattern imprinted by the moldings-ed 
falls. A pattern gap becomes large, so that distance becomes long towards the core of a press die to a periphery especially. 
Since the coefficient of thermal expansion is large figures about double [ 1-] compared with ingredients, such as a. quartz used as 
an ingredient of a mold, especially when a resin ingredient is used for a moldings-ed, when severe, a resin ingredient comes to be 
scooped out by the press die. 

[0008] If it imprints to a resin substrate using a press die according to the place which this invention person actually examined 
concretely, the shape of breadth and a quirk will have been confused by the width of face of a slot on the level of micron order. It 
is thought that this phenomenon is the result of a resin substrate's contracting more greatly than a press die at the time of 
cooling, and a resin substrate contracting toward that imprint center section. Thus, the resin ingredient had the advantage which 
can be fabricated at low temperature, and although the manufacturing-cost top was also advantageous, when it was going to 
imprint the pattern by press forming, it had a problem of it becoming impossible to imprint a detailed pattern correctly. 
[0009] Moreover, when the whole optical waveguide substrate was constituted from resin, since the coefficient of thermal 
expansion was large, the optical waveguide pattern deformed by the surrounding temperature change, and the technical problem 
that dependability was no longer secured enough occurred. 

[0010] Without being made in view of such a conventional trouble, and using the fabricating method between the conventional 
heat, this invention uses ultraviolet-rays hardening resin for a middle cladding layer or a core, prevents the fall of the imprint 
precision resulting from thermal expansion, and aims at realizing the optical waveguide components and those manufacture 
approaches for connecting the optical waveguide substrate and optical fiber which have the core of a detailed pattern. 
[0011] 

[Means for Solving the Problem] The optical waveguide substrate of this invention is an optical waveguide substrate which 
restrains a light beam by incore and is made to spread in accordance with the shaft of said core. Moreover, the optical waveguide 
components of this invention are optical waveguide components which combine the optical waveguide substrate which restrains a 
light beam by incore and is made to spread in accordance with the shaft of said core, and an optical fiber. The manufacture 
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approach of this invention is an approach of manufacturing those optical waveguide substrates or optical waveguide components. 

[0012] The manufacture approach of the 1st optical waveguide substrate of this invention processes the glass substrate of a 
refractive index n1 into a predetermined configuration. The process which obtains the lower cladding layer which makes one flat 
surface an optical plane of composition, and the process which applies to the optical plane of composition of said lower cladding 
layer the ultraviolet-rays hardening resin which has a refractive index n2. the line which has the same configuration as said core 

— the mold which penetrates the ultraviolet rays in which heights were formed — using — said ultraviolet-rays hardening resin 

— pressing — said type of line — with the process which makes heights contact the optical plane of composition of said lower 
cladding layer The process which obtains the middle cladding layer in which the slot which releases said mold from mold and 
serves as space of said core after stiffening said ultraviolet-rays hardening resin by irradiating ultraviolet rays from said type of 
rear face was formed. Said slot of said middle cladding layer is filled up with the transparence resin which has a refractive index 
n3 (n3> n2, nl). It has the process which forms an up cladding layer in the top face of the process which obtains said core, and 
said middle cladding layer after said core was formed by joining the flat-surface glass substrate which has a refractive index n4 
(n4<n3) by making it harden. 

[0013] The lower cladding layer which the 1st optical waveguide substrate of this invention becomes from the flat-surface glass 
substrate of a refractive index nl. The middle cladding layer in which the slot which is pinched by the up cladding layer which 
consists of a flat-surface glass substrate of a refractive index n4, and said lower cladding layer and said up cladding layer, 
consists of ultraviolet-rays hardening resin which has a refractive index n2, and serves as space of said core was established. It 
has said core which the slot of said middle cladding layer was made to fill up with and harden the transparence resin which has a 
refractive index n3 (n3> n4, n2, n1). and was obtained. 

[0014] The manufacture approach of the 1st optical waveguide component of this invention processes the glass substrate of a 
refractive index n1 into a predetermined configuration, the line for forming the process which obtains the glass substrate for 
[ fabricated ] which makes one flat surface an optical plane of composition, and the fixed slot of said optical fiber, while pressing 
said glass substrate for [ fabricated ] using the press die in which the crest type projection was formed While making it soften by 
heating said glass substrate for [ fabricated ] and forming said fixed slot in said some of glass substrates for [ fabricated ] The 
process which forms a lower cladding layer in other parts of said glass substrate for [ fabricated ], The process which applies to 
the top face of the lower cladding layer of said glass substrate for [ fabricated ] the ultraviolet-rays hardening resin which has a 
refractive index n2. The mold which penetrates the ultraviolet rays in which heights were formed is used, the line which has the 
same configuration as said core — said line — the center line of the fixed slot of heights and said optical fiber is in agreement - 

— as — said ultraviolet-rays hardening resin — pressing — said type of line — with the process which makes heights contact 
the flat-surface part of the lower cladding layer of said glass substrate for [ fabricated ] The process which obtains the middle 
cladding layer in which the slot which opens said mold wide and serves as space of said core after stiffening said ultraviolet-rays 
hardening resin by irradiating ultraviolet rays from said type of rear face was formed, The process which obtains, said core by 
making the slot of said middle cladding layer fill up with and harden the transparence resin which has a refractive index n3 (n3> 
n2, n1), It has the process which forms an up cladding layer in the top face of the middle cladding layer after said core was 
formed by joining the flat-surface glass substrate which has a refractive index n4 (n4<n3). 

[0015] The 1st optical waveguide component of this invention consists of a glass substrate of a refractive index nl. The lower 
cladding layer by which the optical plane of composition was formed in said some of glass substrates, and the base substrate 
which has the optical fiber joint by which the fixed slot of said optical fiber was formed in other parts of said glass substrate, The 
middle cladding layer by which it was prepared in the optical plane of composition of the lower cladding layer of said base 
substrate, and the slot which consists of ultraviolet-rays hardening resin which has a refractive index n2, and serves as space of 
said core was prepared on the production of the fixed slot of said optical fiber, It has the up cladding layer which joined the flat- 
surface glass substrate which has a refractive index n4 (n4<n3) to said core which the slot of said middle cladding layer was 
made to fill up with and harden the transparence resin which has a refractive index n3 (n3> n2, nl), and was obtained, said core, 
and the top face of a middle cladding layer, and was formed in them. 

[0016] The manufacture approach of the 2nd optical waveguide substrate of this invention processes the glass substrate of a 
refractive index n1 into a predetermined configuration. The process which obtains the lower cladding layer which makes one flat 
surface an optical plane of composition, and the process which applies to the optical plane of composition of said lower cladding 
layer the ultraviolet-rays hardening resin which has a refractive index n2 (n2> nl), the line which has the same configuration as 
said core — the mold which penetrates the ultraviolet rays in which the crevice was formed — using — said ultraviolet-rays 
hardening resin — pressing — said type of line — with the process which makes the flat-surface section except a crevice 
contact the optical plane of composition of said lower cladding layer By stiffening said ultraviolet-rays hardening resin and 
opening said mold from a press condition by irradiating ultraviolet rays from said type of rear face The process which forms said 
core in the top face of said lower cladding layer, and by applying and stiffening the transparence resin which has a refractive 
index n3 (n3<n2) so that said core may be wrapped in It has the process which forms a plate-like up cladding layer, and the 
process which forms the flat-surface glass substrate for protection in the top face of said up cladding layer. 
[0017] The lower cladding layer which the 2nd optical waveguide substrate of this invention becomes from the flat-surface glass 
substrate of a refractive index nl. Said core formed in the top face of said lower cladding layer convex using the ultraviolet-rays 
hardening resin which has a refractive index n2 (n2> nl), It has the up cladding layer formed in plate-like, and the flat-surface 
glass substrate for protection formed in the top face of said up cladding layer by applying and stiffening the transparence resin 
which has a refractive index n3 (n3<n2) so that said core may be wrapped in. 

[0018] The manufacture approach of the 2nd optical waveguide component of this invention processes the glass substrate of a 
refractive index n1 into a predetermined configuration, the line for forming the process which obtains the glass substrate for 
[ fabricated ] which makes one flat surface an optical plane of composition, and the fixed slot of said optical fiber, while pressing 
said glass substrate for [ fabricated ] using the press die in which the crest type projection was formed While making it soften by 
heating said glass substrate for [ fabricated ] and forming the fixed slot of said optical fiber in said some of glass substrates for 
[ fabricated ] The process which forms a lower cladding layer in other parts of said glass substrate for [ fabricated ], The process 
which applies to the top face of the lower cladding layer of said glass substrate for [ fabricated ] the ultraviolet-rays hardening 
resin which has a refractive index n2 (n2> n1). The mold which penetrates the ultraviolet rays in which the crevice was formed is 
used, the line which has the same configuration as said core — said line — said ultraviolet-rays hardening resin being pressed so 
that the center line of a crevice and the fixed slot of said optical fiber may be in agreement, and with the process which makes 
the flat-surface section except said type of crevice contact the top face of said lower cladding layer By stiffening said 
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ultraviolet-rays hardening resin and opening said mold from a press condition by irradiating ultraviolet rays from said type of rear 
face The process which forms said core in the top face of said lower cladding layer, and by applying the transparence resin which 
has a refractive index n3 (n3<n2) so that said core may be wrapped in It has the process which forms a plate-like up cladding 
layer, and the process which forms the flat-surface glass substrate for protection in the top face of said up cladding layer. 
[0019] The 2nd optical waveguide component of this invention consists of a glass substrate of a refractive index n1. The lower 
cladding layer by which the optical plane of composition was formed in said some of glass substrates, and the base substrate 
which has the optical fiber joint by which the fixed slot of said optical fiber was formed in other parts of said glass substrate. 
Said core formed in convex so that it might be prepared in the top face of the lower cladding layer of said base substrate, and it 
might consist of ultraviolet-rays hardening resin which has a refractive index n2 (n2> nl) and might be in agreement with the 
production of the fixed slot of said optical fiber. By applying and stiffening the resin which has a refractive index n3 (n3<n2) so 
that said core may be wrapped in, it has the up cladding layer formed in plate-like, and the flat-surface glass substrate for 
protection formed by joining a glass substrate to the top face of said up cladding layer. 
[0020] 

[Embodiment of the Invention] Hereafter, it explains, referring to a drawing about the gestalt of each operation of this invention. 
[0021] (Gestalt 1 of operation) The structure and its manufacture approach of the optical waveguide' substrate in the gestalt 1 of 
operation of this invention are explained using pVawingJ^ " drawing 4 . An optical waveguide substrate restrains a light beam by 
incore. and is made to spread it in accordance with the shaft of a core. Drawing 1 is outline process drawing of the manufacture 
approach of the optical waveguide substrate in the gestalt of this operation. As shown in drawing 1 (a), the lower cladding layer 
1 1 which consists of a flat-surface glass substrate of a refractive index nl is fixed horizontally, and as shown in drawjng 1 (b), 
ultraviolet-rays hardening resin 1 2 is applied to the top face which is an optical plane of composition of the lower cladding layer 
1 1 . This ultraviolet-rays hardening resin 1 2 has a refractive index n2. 

[0022] next, the location equivalent to a core — a line — by creating beforehand the mold (not shown) which penetrates the 
ultraviolet rays which have heights, pressing ultraviolet-rays hardening resin 1 2 with the mold, and irradiating ultraviolet rays from 
the rear face of a mold, ultraviolet-rays hardening resin 12 is stiffened and a mold is released from mold. If it does so, as shown 
" n drawin g 1 (c), the middle cladding layer 13 which has the slot 14 equivalent to a core by the same thickness as a core will be 
formed. And as shown in drawin g 1 (d), a slot 14 is filled up with the transparence resin of a refractive index n3 (n3> n2, n1), and 
a core 1 5 is formed. The up cladding layer 1 6 which consists of a fiat-surface glass substrate which moreover has a .refractive 
index n4 (n4<n3) as shown in dr awin g 1 (e) is formed, and an optical waveguide substrate is completed. 

[0023] Drawin g 2 is the sectional view showing the black light 20 used for the hardening process of ultraviolet-rays hardening 
resin 12 in the manufacture approach of the gestalt this operation. Drawing 2 shows the condition before hardening, a line for the 
mold 21 which penetrates ultraviolet rays to form a core — it is the mold made from a quartz which has heights 21a. this line — 
in the example based on the gestalt of this operation, after heights 21a ground the quartz-glass substrate 5mm in thickness, and 
5mm wide [ 5mm long and ] at the flat surface, it was formed by the patterning method using the usual photoresist, the dry 
etching method after forming a band-like pattern to a quartz-glass substrate in the example — using — a quartz-glass substrate 
front face — a line — four heights 21a (cross-section configuration; projection with a height [ of 8 micrometers ] x width of .face 
of 8 micrometers) was prepared at intervals of 250 micrometers. 

[0024] On the other hand, the flat-surface glass substrate used as a lower cladding layer 1 1 is what was ground at the flat 
surface 2mm in thickness, and 5mm wide [ 5mm long and ], and has the property of refractive-index n1=1.5, and coefficient-of- 
thermal-expansion 70x10-7/K. The ultraviolet-rays hardening resin 12 which has the refractive index n2 same [ 1 1 ] as this, 
lower cladding layernl was applied by the thickness of homogeneity by spin coating. Then, after applying a release agent to the 
mold 21 made from a quartz mentioned above, the mold 21 was carried on ultraviolet-rays hardening resin 12, and it placed on 
the bottom block 22. 

[0025] In this condition, the upper block 23 which built in the light source 24 which generates ultraviolet rays was dropped 
gradually, and the pressure was applied and pressed, it is shown in dra wing 3 — as — the line of the mold 21 made from a quartz 
— press is continued until it touches the front face of the lower cladding layer 1 1, and after the tip of heights 21a irradiated 
ultraviolet rays and stiffened ultraviolet-rays hardening resin 12 from the rear face of a mold 21, it made the mold 21 release 
from mold As the substrate at this time was shown in drawing 3 , on the lower cladding layer 1 1 . it is the same thickness as a 
core and the middle cladding layer 13 which has a slot equivalent to a core was formed. In this substrate, it dissociates mutually 
with a core and the middle cladding layer 13 has band-like. Since the further band-like middle cladding layer 13 was firmly pasted 
up on the lower cladding layer 11, the pattern gap with a mold 21 and the middle cladding layer 13 became very small, and the 
configuration of a mold 21 was imprinted good as it was. 

[0026] Then, as shown in drawing 1 (c) and (d), the transparence resin made from epoxy which has the refractive index n3 higher 
about 0.3% than the middle cladding layer 13 was embedded in the formed slot 14, and the core 15 was formed in it like drawing 1 
(d). And the up cladding layer 16 which consists of the same flat-surface glass substrate as the lower cladding layer 1 1 was 
further stuck from the upper part. Thus, the optical waveguide substrate shown in drawing 4 was produced. 
[0027] This optical waveguide substrate used the epoxy resin as the core 1 5, made the flat-surface glass substrate the up 
cladding layer 16 and the lower cladding layer 1 1, and is equipped with ultraviolet-rays hardening resin as a middle cladding layer 
13. Thus, with the flat-surface glass substrate of an up-and-down cladding layer, it has the core 15 which consists of 
transparence resin, and structure which puts the middle cladding layer 1 3 firmly. For this reason, it turned out that form status 
change-ization hardly arises by the temperature change of a perimeter environment. Therefore, it can be said that this optical 
waveguide substrate is equipped with sufficient practicality. 

[0028] (Gestalt 2 of operation) The structure and its manufacture approach of the optical waveguide components in the gestalt 2 
of the operation of this invention to a degree are explained using drawing 5 and drawing 6 . Optical waveguide components are 
components which combine the optical waveguide substrate which restrains a light beam by incore and is made to spread in 
accordance with the shaft of a core, and an optical fiber. A press die (not shown) is first manufactured using a cemented carbide 
material. A press side which unifies the fixed slot of the shape of V character which fixes an optical fiber, and the flat-surface 
section (optical plane of composition) for forming an optical waveguide substrate is required for a press die. for this reason, two 
or more lines for forming a fixed slot — a crest type projection and a line — it is processed into a ****** material so that the 
flat-surface section which adjoined the crest type projection may be formed in coincidence, the example based on the gestalt of 
this operation — a dimension — 10mm in thickness, and 10mm by 5mm — carrying out — a line — four spacing of a crest type 
projection was formed by 250 micrometers. The precious alloy film was formed as a protective coat for mold release to the press 
side of this press die. 
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[0029] Next as shown in drawing 5 (a), it fixes so that the gJass substrate 50 for [ fabricated ] may be located under the press 
die (not shown) which prepared and mentioned above the glass substrate 50 (for example, refractive-index n1=1.5,mm [ in 7/K, 
and thickness / 2 ]. 10mm by [ coefficient-of-thermal-expansion 70x10-] 5mm) for [ fabricated ] for base substrates. Next, the 
glass substrate 50 for [ fabricated ] and a press die are heated, heating softening of the glass substrate 50 for [ fabricated ] is 
carried out at 700 degrees C, and press forming is performed. Consequently, as shown in drawjng J> (b), the fixed slot 51 of the 
shape of V character for fixing an optical fiber is formed as an optical fiber joint and the base substrate 53 united with the flat- 
surface section 52 used as the optical plane of composition of a lower cladding layer is formed. 

[0030] next, the line which is equivalent to a core part beforehand — the mold (not shown) which penetrates the ultraviolet rays 
which have heights is produced by the following approaches. For example, after grinding a quartz-glass substrate 5mm in 
thickness, and 5mm wide [ 5mm long and ] at a flat surface, the pattern of a core part is formed by the patterning method using 
the usual photoresist and the location which is the front face of a quartz-glass substrate and is equivalent to a core using the 
dry etching method — a line — four heights (cross-section configuration; projection with a height [ of 8 micrometers ] x width of 
face of 8 micrometers) are formed at intervals of 250 micrometers. 

[0031] Next as shown in drawing 5 (b) and (c), the ultraviolet-rays hardening resin 54 of a refractive index n2 (n2=n1) is applied 
to the flat-surface section 52 of the base substrate 53 by spin coating. And a release agent is applied to the front face of the 
mold which penetrates ultraviolet rays, and it installs in the black light 20 used for the hardening process of the ultraviolet-rays 
hardening resin shown in drawjng 2 . this time — the center line of the fixed slot 51. and a line — the mold 21 which penetrates 
ultraviolet rays is fixed using a guide so that the center line of heights may be in agreement. In this condition, it installs between 
the upper block 23 and the bottom block 22. the upper block 23 is dropped gradually, and a pressure is applied and pressed, the 
line of the mold 21 as shown in drawing_2 — a press is continued until the tip of heights 21a touches the front face of the part 
used as the lower cladding layer 59 in the base substrate 53, as shown in drawing 5 (d). 

[0032] And the light source 24 of the ultraviolet rays built in the upper block 23 is turned on from the rear face of a mold in the 
condition as it is, ultraviolet rays are irradiated, ultraviolet-rays hardening resin 54 is stiffened, and a mold 21 is made to release 
from mold. As shown in drawing 5 (d) as a result, the middle cladding layer 55 which has slot 55a equivalent to a core part by the 
same thickness as a core is formed in the top face of the lower cladding layer 59. 

[0033] Then, to formed slot 55a, as shown in drawing 6 (e), rather than ultraviolet-rays hardening resin 54, a refractive index 
embeds the transparence resin of the epoxy which has the refractive index n3 high about 0.3%, and forms a core 56. Furthermore, 
from the upper part, as shown in drawingJB (f), the flat-surface glass substrate of a refractive index n4 (n4=n1) is made into the 
condition of having coalesced the optical fiber joint and the optical waveguide substrate, as an up cladding layer 57 at lamination 
and the base substrate 53. Thus, the optical waveguide components which have an optical fiber joint and the lower cladding layer 
59, the middle cladding layer 55, a core 56 and the optical waveguide substrate that consists of an up cladding layer 57 were 
produced. 

[0034] With the optical waveguide components produced by the manufacture approach of the gestalt this operation, it dissociated 
mutually through the core 56 and the band-like middle cladding layer 55 has pasted the lower cladding layer 59 firmly further. For 
this reason, the pattern gap by the differential shrinkage of the mold and the middle cladding layer 55 which penetrate ultraviolet 
rays, and the ingredient of a core 56 becomes very small, and can imprint the configuration of the mold which penetrates 
ultraviolet rays good as it is. And since alignment of the fixed slot 51 of the shape of V character for fixing an optical fiber is 
carried out to the core and high degree of accuracy of an optical waveguide substrate, it can build optical waveguide components 
into a splitter etc. easily only by arranging an optical fiber in a fixed slot. 

[0035] (Gestalt 3 of operation) The structure and its manufacture approach of the optical waveguide substrate in the gestalt 3 of 
the operation of this invention to a degree are explained using drawing 7 - drawing 10 . Drawing 7 is process drawing showing the 
manufacture approach of an optical waveguide substrate. As shown in drawing 7 (a), the lower cladding layer 71 which consists of 
a flat-surface glass substrate of a refractive index n1 is prepared. Next, as shown in drawing 7 (b). the ultraviolet-rays hardening 
resin 72 of a refractive index n2 (n2> n1) is applied to the optical plane of composition of the lower cladding layer 71 by spin 
coating. 

[0036] the location which is equivalent to a core part on the other hand — a line — the mold (not shown) which penetrates the 
ultraviolet rays in which the crevice was formed is prepared, ultraviolet-rays hardening resin 72 is pressed with a mold, from the 
rear face of a mold, ultraviolet rays are irradiated, ultraviolet-rays hardening resin is stiffened, and two or more mutually- 
independent bottom band-like cores 73 are formed like drawing ^ (c). Next, as shown in drawing 7 (d), the up cladding layer 74 is 
formed by applying the resin which has a refractive index n3 (n3<n2) so that the part of a core 73 may be wrapped in. And as 
shown in d rawin g 7 (e), the optical waveguide substrate of structure is obtained by joining the flat-surface glass substrate 75 for 
protection on the up cladding layer 74. 

[0037] In the manufacture approach of the gestalt this operation, drawjng 8 is the sectional view showing the structure of the 
black light 80 used for the hardening process of ultraviolet-rays hardening resin, and shows the condition before hardening. This 
black light 80 has the upper block 81 which can move up and down, and the block 82 under immobilization like the black light of 
the gestalt 1 of operation, and the light source 84 which generates ultraviolet rays is built in the upper block 81 . 
[0038] the location where the mold 83 which penetrates ultraviolet rays is equivalent to a core part — a line — it has crevice 
83a. this line — in the example, after crevice 83a ground the quartz-glass substrate 5mm in thickness, and 5mm wide [ 5mm long 
and ] at the flat surface, it was formed by the patterning method using the usual photoresist, moreover, the dry etching method 
after forming a band-like pattern to a quartz-glass substrate — using — a quartz-glass substrate front face — a line — four 
crevice 83a (cross-section configuration; projection with a depth [ of 8 micrometers ] x width of face of 8 micrometers) was 
prepared at intervals of 250 micrometers. 

[0039] Next, the flat-surface glass substrate (refractive -index n1=1.5, coefficient-of-thermal-expansion 70x10-7/K, heat- 
resistant temperature of 700 degrees C) ground at the flat surface 2mm in thickness and 5mm wide [ 5mm long and ] was 
prepared as a lower cladding layer 71, and was laid in the bottom block 82. And the refractive index applied to the top face of a 
flat-surface glass substrate the ultraviolet-rays hardening resin 72 which has the refractive index n2 higher about 0.3% than nl 
by spin coating. Then, the mold 83 made from quartz glass mentioned above was put on the top face of ultraviolet-rays hardening 
resin 72. Draw ing 8 shows this condition. 

[0040] Next the upper block 81 was dropped gradually, and the pressure was applied and pressed. Continued press until the tip 
of the mold 83 made from quartz glass touched the front face of the flat-surface glass substrate which forms the lower cladding 
layer 71, as shown in drawing 9 . and the light source of ultraviolet rays was made to turn on, and ultraviolet rays were irradiated 
from the rear face of a mold 83. The mold 83 was released from mold in the place which ultraviolet-rays hardening resin 72 
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hardened. As shown in drawing 7 (c) in this condition, four cores 73 were formed on the lower cladding layer 71. In the example, 
each core 73 was separated at intervals of 250 micrometers, and the lower cladding layer 71 was pasted further firmly. For this 
reason, the pattern gap with the mold 83 and core materials which penetrate ultraviolet rays was able to become very small, and 
was able to imprint the configuration of a mold 83 good as it was. 

[0041] Then, the epoxy resin which has the same refractive index as the lower cladding layer 71 was applied so that a core 73 
might be wrapped in. and it considered as the up cladding layer 74. and the optical waveguide substrate as shows the flat-surface 
glass substrate 75 for protection further to lamination and d rawi ng 10 from the upper part was produced. 
[0042] This optical waveguide substrate makes resin the up cladding layer 74, makes a flat-surface glass substrate the lower 
cladding layer 71. uses ultraviolet-rays hardening resin as a core 73. and has further structure equipped with the flat-surface 
glass substrate 75 for protection on the up cladding layer 74. Thus, since the up cladding layer 74 which consists of an epoxy 
resin was firmly put with the up-and-down flat-surface glass substrate, it turned out that form status change-ization by the 
temperature change of a perimeter environment is hardly produced. Therefore, it can be said that this optical waveguide 
substrate is equipped with sufficient practicality. 

[0043] (Gestalt 4 of operation) The structure and its manufacture approach of the optical waveguide components in the gestalt 4 
of the operation of this invention to a degree are explained using dr awin g 1 1 and drawing 12 . First, a press die (not shown) is 
manufactured using a cemented carbide material. A press side must be formed in a press die so that the fixed slot of the shape 
of V character for fixing an optical fiber and the flat-surface section for forming an optical waveguide substrate may be unified, 
as a mold [ as opposed to / the press die prepared in the example processes it into a cemented carbide material, and / a fixed V 
character-like slot ] — a line — the-two or more crest type projection was formed, and the flat-surface section was formed 
further horizontally [ the ]. that in which the appearance of a press die has 10mm in thickness, and a 10mm long and 5mm wide 
dimension — carrying out — a line — four spacing of a crest type projection was formed by 250 micrometers. The precious alloy 
film was formed as a protective coat for mold release to the press side of this press die. 

[0044] Next, as shown in drawing 1 1 (a), the glass substrate 110 (refractive-index n1=1.5.mm [ in 7/K. and thickness / 2 ]. 10mm 
by [ coefficient-of-thermal-expansion 70x10-] 5mm) for [ fabricated ] was prepared, and was fixed under the press die 
mentioned above. And the press die was heated, heating softening of the glass substrate 110 for [ fabricated ] was carried out at 
750 degrees C. and press forming was performed. Consequently, as shown in drawing 11 (b), the base substrate 1 13 with which 
the fixed slot 1 1 1 of the shape of V character for fixing an optical fiber and the flat-surface section 1 12 for forming an optical 
waveguide substrate were unified was formed. 

[0045] next, the location which is equivalent to a core part beforehand — a line — the mold (not shown) which penetrates the 
ultraviolet rays which have a crevice was produced by the following approaches. After grinding the substrate, of quartz glass 5mm 
in thickness, and 5mm wide [ 5mm long and ] at a flat surface, the pattern used as a core partial fang furrow was formed by the 
patterning method using the usual photoresist, and the location which is the front face of a quartz-glass substrate and is 
equivalent to a core using the dry etching method a line — four crevices (cross-section configuration; projection with a depth 
[ of 8 micrometers ] x width of face of 8 micrometers) were formed at intervals of 250 micrometers. 

[0046] Next, as shown in drawing JJ. (b) and (c). the ultraviolet-rays hardening resin 1 14 of the refractive index n2 higher about 
0.3% than nl was applied by spin coating on the flat-surface section 1 12 (optical plane of composition) of the base substrate 113. 
and a line — the release agent was applied to the front face of the mold which penetrates the ultraviolet rays which have a 
crevice, and it set in the black light 80 shown in drawing ^ . At this time, the mold which penetrates ultraviolet rays so that the 
center line of the fixed slot 1 1 1 and the center line of a slot may be in agreement was fixed using the guide. In this condition, it 
laid in the top face of the bottom block 82, the upper block 81 was dropped gradually, and the pressure was applied and pressed. 
Press was continued until the apical surface of the mold 83 made from quartz glass shown in d raw ing 8 touched the front face of 
the part of the lower cladding layer 1 1 6 of the base substrate 113 shown in drawing. 11 (d). 

[0047] And in the condition as it is, the light source 84 of ultraviolet rays was made to turn on. from the rear face of the mold 83 
made from quartz glass, ultraviolet rays were irradiated, ultraviolet-rays hardening resin 1 14 was stiffened, the core 1 15 was 
formed, and the mold 83 was released from mold. Consequently, as shown in drawing 1 1 (d), four cores 1 15 were formed in the 
optical plane of composition of the lower cladding layer 116. 

[0048] To the whole substrate taken out succeedingly. as shown in drawin g 12 (e). the resin of the epoxy of the same refractive 
index n3 as the lower cladding layer 116 was applied so that a core 115 might be wrapped in, and the up cladding layer 1 1 7 was 
formed. Furthermore, the optical waveguide components which have the optical waveguide substrate which serves as an optical 
fiber joint from the lower cladding layer 1 16. a core 1 15, and the up cladding layer 1 17 in the flat-surface glass substrate 118 for 
protection as shown in lamination and drawing 1 2 (f) from the upper part were produced. 

[0049] Four cores 1 15 were separated mutually and the optical waveguide components produced by the manufacture approach of 
the gestalt this operation are further pasted up on the lower cladding layer 1 1 6 firmly, as shown in oVawing J 2 (0. For this reason, 
the pattern gap with the mold and core materials which penetrate ultraviolet rays becomes very small, and can imprint the 
configuration of the mold which penetrates ultraviolet rays good as it is. And alignment of the fixed slot 1 1 1 of the shape of V 
character for fixing an optical fiber is carried out to the core of an optical waveguide substrate with high precision. For this 
reason, optical waveguide components are easily incorporable into a splitter etc. only by arranging an optical fiber in the fixed slot 
111. 
[0050] 

[Effect of the Invention] According to this invention, between the mold which penetrates ultraviolet rays, and ultraviolet-rays 
hardening resin, since the pattern gap by the contraction generated at the hardening process of the ultraviolet-rays hardening 
resin by UV irradiation can be made remarkably small, formation of an efficient core pattern with a high precision is attained. 
Therefore, a cheap optical waveguide substrate and optical waveguide components can be manufactured efficiently. Moreover, 
form status change-ization of as opposed to change of ambient temperature in the optical waveguide substrate and optical 
waveguide components of this invention becomes small, and what has very high dependability is obtained. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] The sectional view showing the outline process of the manufacture approach of the optical waveguide substrate in 
the gestalt 1 of operation of this invention 

[ Dra wing 2] The outline sectional view showing the condition of having set the mold which penetrates ultraviolet rays in the black 
light used for manufacture of the optical waveguide substrate of the gestalt 1 of operation 

[ Drawin g 3] The outline sectional view showing the condition that it was used for manufacture of the optical waveguide substrate 
of the gestalt 1 of operation, and the hardening process of ultraviolet-rays hardening resin was completed in the black light 
[Drawing 4] The cross-section block diagram of the optical waveguide substrate manufactured by the manufacture approach of 
the gestalt 1 operation 

[ Drawin g 5] The perspective view showing the outline process (the 1) of the manufacture approach of the optical waveguide 
components in the gestalt 2 of operation of this invention 

[ Draw ing 6] The perspective view showing the outline process (the 2) of the manufacture approach of the optical waveguide 
components in the gestalt 2 of operation 

[Drawing 7] The sectional view showing the outline process of the manufacture approach of the optical waveguide substrate in 
the gestalt 3 of operation of this invention 

[D rawin g 8] The outline sectional view showing the condition of having set the mold which penetrates ultraviolet rays in the black 
light used for manufacture of the optical waveguide substrate of the gestalt 3 of operation 

[ Drawin g 9] The outline sectional view showing the condition that the hardening process of ultraviolet-rays hardening resin was 

completed, in the black light used for manufacture of the optical waveguide substrate of the gestalt 3 of operation 

[Drawin g 10 ] The cross-section block diagram of the optical waveguide substrate in the gestalt 3 of operation 

[Drawin g 1 1 ] The perspective view showing the outline process (the 1) of the manufacture approach of the optical waveguide 

components in the gestalt 4 of operation of this invention 

[Drawing 12] The perspective view showing the outline process (the 2) of the manufacture approach of the optical waveguide 
components in the gestalt 4 of operation 

[ Drawi ng 13] The cross-section block diagram of the conventional common optical waveguide substrate 

[D rawin g 14] The sectional view showing the outline process of the manufacture approach of the conventional common optical 
waveguide substrate 

[Drawing 15] The sectional view showing the outline process of the manufacture approach of the optical waveguide substrate by 
the conventional press forming 
[Description of Notations] 

11, 59, 71,1 16 Lower cladding layer 

12, 54, 72,114 Ultraviolet-rays hardening resin 

13 55 Middle cladding layer 

14 55a Slot 

15, 56, 73,115 Core 

16, 57, 74,117 Up cladding layer 

20 80 Black light 

21 83 Mold which penetrates ultraviolet rays 
21a a line — heights 

22 82 Bottom block 

23 81 Top block 

50.1 10 Glass substrate for [ fabricated ] 

51.111 Fixed slot 

52.112 Flat-surface section 

53.1 1 3 Base substrate 

75,1 18 Flat-surface glass substrate for protection 
83a a line — a crevice 
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ffim=* 7 ilzm&T&n 3 (n3<n2) £ 
H2i£§ixfc_b8&*7 7 KB£> 

miE±«^7 7 K^co±®(c^fijc^ttit^:liffl 5 F®^7 
•Weft o re* S -fr 3 **«BS« h%~7T 4 

Si. 

Jr$n2 (n2>nl) SrttSMMfW^^ 
KB<z>±ffifcSlS<*-££Xg£, 

«rE = r*rS^.iitf «t9lcB«f*n 3 (n3<n2) £ 
77 KHSr^rici-SXSi, 

H9E±fflJ^7 7 KB^±ffil£»Kffi 5 Pffi#7*X4E£Jfc 
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gJr$ni^7^iSH4!), mJE^77.S^cD- 
«lc*fl£W«*ffiis»dl*iifcT»^7 7 KB, 

fflE^—^S«^T*^7 7 KJB(0±ffi(c:Kttbtt, JS 
lfr$n2 (n2>nl) fcW-*-5*^HHSSS<fc«K^b4 

HuE^T^&^&tf <fc 5J-JStff*n 3 (n3<n2) £ 
j££ti1t±m* : 7 7 KB** 

rniE-h^^ 7 7 KB<oiffil^7 ^Sffi 3 r t 
[0 00 1] 

[0 0 0 2] 

[tt*oa«f] inn — ww*^*^^^^- 

K<^3tWiKKSS^«5S^^-rWrffiE-C*)-5o d<7>*» 
iK&StRtt. TSli* 7 7 KB 1 2 1 &tf_kgiS^ 7 7 KB 
1 2 3 J: «9 t)iP^^^7 12 2a CDgB^IOfc tf— 

[0 0 0 3] r<0J:5 4a*«>*W»l8iS«<DjH3t*ft 
0 1 4£ffl^Ttft81i-5o HJ14 (a) td^-rj;? 
T£fl^ 7 7 KB 12 1 &mtettmmte±\^ *x$< 

mmm^t^m^^x, t«*7 7 kbi 2 1 <£9*>;s#r 

$^V^Wl2 2Ml, §14 (b) <D X 0 
*ttffi«-i"5o &f-:7* h y V ^7 7j£»(: K7^i 

-yciil, mi 4 (c) WJ:9(:^71 22a 
^t6o *SI-Hll4 (d) {C^-TJ: ^7122 
40 a£H5 «fc?±*B*7 7 KB 1 2 3 2rffMLT\ 3t*Jfi 

Xi&i: Ittt, fflrt«\ t/hnn^^, No.. 8, 8 
5 S 1 9 8 8^#£>5 0 

[0 0 0 4] «tlffi*mfi, ^(Cit^TftCDigii 

ifcfrfete, ^7^KiM^7l^iSMU 
50 9 /<^-^>^LT^i£^-£ 0 
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[0 0 0 5] L^L#^<bu 37(D/^-^y^|:7* 
[0 0 0 6] Sift T*ti:, 4#BB¥ 8-320420 -5§-4*« 

IS, (Hi 5 (a) (cjtM-J: tf=7*<n£. btaW^M 
tttt»rt»fc 1 3 1 «rfflv\ rft&JnSrtWfc 

^-fr-C^pffitt^-^So M15 (b) iCT^-fX 

r^^^-V^^^ttt3n, DflSPl 3 1 a^ffM^iX 

5 o :w?^$t^M^if&M^t5ic(i N mi 5 
(c) ic^i-Jc^lc. ©«T*^**S»tffii 3 2SrlM« 

i3ia \zmib&& 0 m^m 15(d) i^Tjk-tx 5 i-s 

±ffl^7-y KBl 3 3t45SS«:T»^7!x KB 1 3 
[0 0 0 7 ] 

L J: 5 kT&WM] L*»Lft3ftse>, r^J; 
[0 0 0 8] XR, 

[0 0 0 9] *fc, 3t*ifiKSS^<*«:»flI-C«^;L3t 
[0 0 10] :oJ; 5 4t£#<DF«m£fcffi*- 
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[0011] 

7fe^^S^^^^Mi^^S^^ D a p^^it^6^r*^ 

[0012] *3g^GQS?! 1 <ofti»JK&Sfi60§«t#«fc 
tt, JStfr^n lW^f7^1ffiS:i^WDILt, - 

* KB«r»*Xg*:* WUBflS!*?* KB0>*J«B»tt 

fc, JB#f*n3 (n3>n2, nl) «r*pr3»W»JIB 
SK, ®#T^n4 (n4<n3) *S 

i^ts: iiaoi^7y KB xa 

[0013] 1 <D#W»&S««\ ®#f* n 

n 4<o^ffi;tf7*Xffia>kft<5±ffl5* 7 5/ KB£* mJlE 
T^7y KB £ WE-ttt* 7 y KB£«-tt#*iV JB 

SBBiftSilHB^RttbnfctlB^^y KBi, BME* 

7 y KB^SSSFB*^ J®flf*n 3 (n3>n4, n 
2, nl) **rsa«»IIB«r**L«ft**T»*:«J 

^ [0014] *38910)SB 1 c7)^^Sg^p c n^Mit^'& 

^iumm^mf^^ntzy'^^m^m^xmu^mm 
mmx? xmmv>m<n&wzT&? ? ? kb 

50 ®(C. llfr$n 2^Wt6M««^lW5I 
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(n3>n2, nl) ?rtf^gM^MlT» 

4<n3) ^w-r^^ffi^^^^^^-r^c^tc.t 

[0 0 15] ^^B^^mi^^fe^^D^D^. J3#r^n 

£«<z>ffi0>ai#ic mm* 7t4 /^isi^^ $ ix-fc 

n 2**-r-5«^»8!fk«IB*»b*0, MIE = T(OffiPfl 

t>titi*w\*7 y Fist. mw¥m#7y h*m<omn 

\Z. y M$n3 (n3>n2, nl) SrWi-5SW#tfl§ 
7 ;y Kff<0±®IC, Jgjfr^n 4 (n4<n3) 

[0 0 16] *«Ww!K2-w**«KSlK«>tlSS*'«fe 
^^ffi^ft^toS^® tlr&TU? 7 y KJB«r»SX 
2 (n2>nl) ^r^tSMSSWi^Mt^I 
+ 3 S! «: ffl-^ r ffilBft* JftWkWJiB £r » JE 

{k£-£, JfJEttffi^^mffiffiSrHItt^S-^^ifJ. ffi 

mm^T&&Z*&&£ Olzmmmn 3 (n3<n2) 
W-r5aW«JIBSra*Lffl{kS-ti:5r^Jc:J:f9, 

[0 0 17] *|BWW»2 0*WKKS«tt, ®«f*n 
ia)W7^ifi^e>45TW7y Kit, mifST 
U*7y Vm<D±.mc x JSSf*n 2 (n 2>n 1) ^ 

i-5«^*Wk»iB*ffl^rottic«ric*ixfcWSE3r 

miBE=»r^^iA^J: 9«-JS»f*n 3 (n3<n 
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2) SrWr*SW«ffiS:»*LB5{k*-&6CtlcJ:0¥ 

[0018] 2 (7)7fe^^^p D p^§^it^& 

te. JStfHPn 1 (D^7^Ifi$rffiSWI^ILT, - 

ffi^PSft-rS^irf-^^^k^-fr, «HE«fiS:®ffl^7^ 
7yK10lil:, Wn2 (n2>nl) fc^TT* 

-a-T 5 «fc 5 «d«HB*^U»Wk»JBS:Wffi U rnifa^co 

■«t«9^IE*^j»li!{k«ffiS:afk*-e:, »EEtt«**fc«r1E 

ffE^TSr^fig-rSXat. SFfE^T^S^^tfct 
JSSf*n3 (n3<n2) £Wi-5S^»JIB£:&*fri-5 

t, mia±»^7y m(D±m^i%mm¥-mtf7*mm 

*r»j«-rsxai:4r*i-S. 
[0 0 1 9] ^P^(O^2C07t^?S^^p n p^, JSilf^n 

jo i<7>#7;*K«a*e>ft>K ituietf^S^— awe #3* 
&(dt&?7 y h-m<n±mz&rtbti. mvtmn 2 (n 

2>nl) Sr*i-6*^U**<k»JIB^e>*9, MISTt^ 

(n3<n2) tSfflJii^MtM^tS: tie 
40 * 7 y K@(0±ffi^^7^Stg^^-T5^i:{cJ:i9^ 
[0 0 2 0] 

[0 0 2 1 ] (HffitDff^^ 1 ) *ISWO||lficojKffi 1 fd 
i~l§l4«:fflv^"CttMi-S. *»8BSfiili, Tfefc^- 

50 ^it^jfe^aP&xm[UT-^^ 0 mi (a) iCTjk-fJ: 0 
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«C % 15r$n 1 (7)?ffi^7^I»^^Tl3i^ 7 7 K 

li iSttM^-S^U Hi (b) \z.7fs-*&o\z.mWfk 

[0022] Rlci, ^TicjB^-f Steele. 

*5£, taSTfttftffefffcttrilB 1 2£rft»j£U i^Si 
J:0**l»«rIB/H-r5w4:«cJ:0, %*JMEfl;ttJIB 1 2 
*r«flsS-ti\ SSrKS!-rs 0 * ? -TS t , H l ( c ) tc /0 

1 (d) |OTtJ:5(C, fflffil 4KJBSr*£n 3 (n3> 
n2, nl) 03W«JIBS:ft*U =>7 15Wf 
£ 0 ^OXtC, Hi (e) (Ctf-T J; 9 (C, Jg#r^n4 
(n4<n3) t^¥E^7^S»^^6±^^ 

[0023] m 2 (i, **«so»ttw«a*jsfefc»i^ 
^-To *^i»*:aai-*a!2 in, artMtsfcfe 

2 l a li, #glBS<7>7T2f§(££< HJEW-Cli. J?£ 5 

#C ; 8 // m X(i§8 /i m<7)^£2) £ 2 5 0 u mWIW"? 

[0 0 2 4] — *\ T£tf^ 75/KBllt LTJflV^fcsp 
ffi#7*£lEf3\ i$2mm, |5mmXft5mm^ 

B6fc:W»Lfct>0>-C* /Stfr^n 1 = 1. 5, UMBKffift 
7 0X10" 7 /K^^LtV^ o C<DT<f|5^7s/ 

Kiiiicm tmcmmmn 

JB12S:, ^ eyn-r ^y^ia W-(Of W« 
n ;y ^ 2 2±d©l^7c 0 

[0 0 2 5 ] w^ttffi-C. M»Mf5ffl2 4^ 40 

T2f JEE Lfc 0 i3l^fj:v^ 2 1 «>»« 

figtf 2 l a (Djfcffitf* Tn? 7 y KB l l a>*B5tw»-*- 
SS-CWEESTJUH-t, SI 2 lcoSEJ: «9^^^B8#tL. 

Bli±»c % 3 =iTlcffiy3i-6SMB«: 
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/0 

»^ 7 ^ Ki 1 1 (c5SllcSf$iitt>6rof, 5/2 1 
^fSi? 7 y KB 1 3 £<D^* — vTna^MTUi'hS < 
#9. ^2 1 <^J?^^-?:0^^^$f{c^^^ix/c^(0<b 

[0 0 2 6] ^I^RV^T, HI (c) s (d) ic^i-J: 
9 Id, Jf^ric^ixfcStWl 4lc % tprti?? ? KBl*3«fc9 
t>0. 3%SSi«V^ffi|ff^n 3*W-rS^^^r->S8^S 
HI (d) (DJ:9I^715W 
Lfc Q ^LT»c*^±«sa»<bTS5* 7 y KJB 1 1 tm 
—<D¥-&tf7X&&frbteZ>±U9 7v KB 1 6£I£9 
-&fcH*rfc 0 COO J: ^CLt, !3 4^-r3fea»*KiES^ 

[0 0 2 7] :W*»»8Sfifi, ^zK^rfWffiSrsT 
¥^7^S^?r±a^7y KIl 6^0'T 
SB* 7-7KHU L, ilg^MaWbWfliSr^ra^ 7 y K 
ll3tltitt^ 8 ^<7>J:5^±Tco^7^ KB 
<o¥ffi^7^Sfitci:9, aw«JIB^fc** = r 1.5 £ 
H^7y Kil 3S:»H«-«^iitr#igi:^oT^^ 

[oo2 8], mi&mm2) m^^<onm<omm 

»«(cafi<*Jt«-Ctt, 1 0mm, IKl 

OmmX^Smm^L, »ttUiS3ljB^PfllW*± 2 5 0 M 
mr*4*ff^LfCo ^(7)7 P t-7>^7 P l/7.II^Ilffl^ 

[0 0 2 9] ^(dH5 (a) MtjW-J; -<"X^ 
fflWtt«^7^1S5 0 («XfiJffl*r'*n 1 = 1. 
5, fftlgg««fBc7 0X1 0" 7 /K, I^2mm, ilO 
mmX«5mm) mJ^U/c^U^12 (H^ 

-tZo »lct^ffl^7 5 0 i ^ t iSrM 

L, WM^7 7>M5 0 ott««: 

itt$l£XZf\s*J&M*'l = f0o ^<D&m. H5 (b) IZTfk 

5 1 ^7 7^/<8^t LtM^n, T9^7yK 
[0 0 3 0] ^*=3Tai»(c*0S-r^SMftCiffl«: 
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// 

0i]x.{^, i^5mm, |g 5 mm X^5 mm 

HtfctfbSB (W«;li$8/imXg8^m^e) £ 
2 5 0/i mFHl^T'4;fcJ#;£-t£ 0 

[0 0 3 1 ] &(C|U5 (b) x (c) \^1~£ o I-, -< 
— ^SS5 3<D^ffigfl5 2(C X Mtfr^n 2 (n2 = n 

i) (D^SSWtlstJm 5 4^e , ^-r>fy^J:>) 

OKRtt-rSo r<z><!:#, BS»5i 

£j§i§-f 6^2 1 £;tf>f K«rffl^-CBJ£i"5 0 

T\ .^2 3 v T^n 2 2C0^1i-SBL, ± 

6o 12 2 Life J: 10jSt^i£hSR2 1 a <7>5fc$j 

Ej5 (d) Ci^-T J: 9 *m&5 3 

W7y KI5 9 i/iSSP^SBIiStS* t^i/ 

[0 0 3 2] ^LT^W**Ottffi-caoiS^b, ± 
2 3Jcrt*Lfe**HIW*«2 4£/S*TU & 

£P§S>£-t*:6o ^©8SB5 (d) (c^-TJ; TSfl 

«dtB^"rS*|?|J5 5 a^ff^™^7 5/ Kg 5 5 

[0 0 3 3 ] 3I#«EV^-C, »*StU*iJ«»5 5 aiC^fL 
X, HI 6 (e) l^i"«t 3^^MM5 4 J; 9 
JB»f*^o. 3%Sffii«t^iatFf*n 3Sr*"rS^-7K^^ 

±815*^ 116 (f) ®#T^n4 (n4 

= n i ) <n>¥-m#9xmm&±&i? y ? vm 5 7 t it 

[0 0 3 4],#*lfi^»tt»«Jft*ft«Cj:fJf^«L3t:* 
*«Kfflp°nr*li, »tt^ffl^7yKi5 5iS = 7 5 6 
Sr^UTZ^M-^BI^ix, ^Ta^7 7 KJf 5 9 *c* 
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[0 0 3 5] (HffiW^Jg 3 ) »ClC**^<7>||J6(7>^Jg 

^coi^it^fe^^-Txmiiir-^^o 1217 (a) Ic^-fj: 

KB7 l SrfflSrrSo #cl-HI7 (b) ICTF-Tct^lc. T 
^7 7Fi7 1««^ffi|;iPn2 (n2> 

ni) 2$r^e , y3-r^y^(cJ: 
/0 9Mt5„ 

[oo36]-^ =»raj»i-sa-r5ffi«^i»«[yi«PB 

U «^ttKfURJM7 2&S!Ti¥ffiU fflWKffiJ:"}* 
'#Ufc«rBB»Lt\ ^»®Mk»JI&*:fig{t;*-frT, HI 7 
(c) (DXolCKWcm&^tz&ttn^T 7 3&m%L* 

Bffc-fZo &lc|2 7 (d) (c^i-J: 5 ^T7 3<£>£tf 
#*S*i*tr«fc SKSWSPn 3 (n3<n2) 

»JB«ra*i-5wfc*cj:0, ±tt*7y K»7 4«r»j« 
f^o *rLT[3 7 (e) fc^iTJ; ±SP^7j/Kli 

[0 0 3 7] HI 8 te, *3llfi<0?Kffi<0®aS*i5fe^»V^ 

8 Oc7)tP|it^^i-^r®IIIT'fc«9. «flS«»G>iRtt*:*i-. 
rio*^*BB»3S« 8 0 te, mMcoMM l 0>***IH*t 

77*0^8 2£^U ±^n^/^8 IKK*, SR^jR* 

[0 0 3 8] »^HSSrSiSi-SS!8 3*3, 3T»#lCtB 

j»ttDfl*fR8 3 a#i, ^JfeW-Ctt, ^^Smm, j^5mm 
Xtt5mm»^7^Sfi*:¥®W»Lfc», 

tbfco i$^7^»i^tt«W/^->^ 

tfLmmcmttWU 8 3 a (^r®^tt;l$8/imx(is8 
Mm^g) ^2 5 0 /i mP^RSr-4*89:»1*fco 
[0 0 3 9] ^ICf$2mm x i5mmXi5mm^ 
ffi»cWeLfc5pB^7^Sfi W$nl = l. 5, Jfft 
40 IW7 0X10-VK, ii^7 0 0t) $:T^ 
^7yKl7lHtfflft> T^ci ^/^ 8 2{:tll 
fc 0 -tLTJB0fS|5#n 1 ct «9 0. 3%SffiS5U^JStff*n 

2S:*i-5*^wimt;»«i7 2£¥-m#yxmtii<»-tm 

Istt&tf? xm<o® 8 3 *KftM«fldMR 7 2 (7)±® 

[0 0 4 0] 1/p 8 1 ^r^^icT^^-^r 

m^^D^-CJfJELfeo ID 9 lC7jk~t£ o ^X=7* 
M(Oms 3<D9cffi& % W7 7Kl7lWn? 
50 ffi^7^S«^*ffi«-»i"6*T'l¥IE«:«lt, *^j»<^ 
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Statt. r<D^^T-H17 (c) \Z7jkLtz& o\zT&# 

7^ KI7 1±|C4*W37 7 3^MSilfc, HiS^J 
"Ci±, #37 7 3^2 5 0/imfflffiT'»«*^ Hl-T 
»^ 7 y Ki 7 1 i:Mlc8l*Siifc. ^(Dtztb. 

[0 0 4 1 ] 3l£g^T, TS»^77 KB 7 1 fcra— H 

MLt±S^77KB7 4il, mic%<D±.&frbi% 
Iffl¥W7^ig7 5«^W, [g] l 0 (d^-r J: 

[0 0 4 2] »HB*r±«^7 2y K 

l74i:L, ¥®^7^S«^T^^7 7 KB 7 1 t 
U MMW^r^7 7 3 H, Mtc, ±«FB^7^ 

k«7 4(D±{^mmw-m^ ; 7 ^m^7 5 

i:/j:ot^6o l^<t3i:±T«?W7^Itia 
9, ^3K^->»JIB*^tt6-b»^7y KB 7 4£5&©k: 

[0043] cmm^m*) m^mm^mmmm 
<omfem\ztti-&wk L-c*«tujffl*a«:«[»*»* 

Hie, ^<o«^ffi»^fiScL/ct<OTfeo^ 0 ^ 

1 0mm. ££l 0 mmXi5mm£D 
■+feSrWi-St)W^ »ttOJa!58S»IHBItt2 5 0 ju 

[0044] ^(Ci 11 ( a ) ^"T«t 5 fc, Steffi 
^7^1SH0 (BPnl = l. 5, *MB3Kffift7 
0X1 0 _ VK, 11$ 2mm, ^1 0mmX|5mm) 

/i/^i^wi, wu&Mmif^xmfci 10^750 

1 1 (b) (ctj^J: 5K> *7r>f^S:BSt6fci«>w 
V^#W@£«l Hi:, #*«KStR&^JSi-afc«> 

1 2 ^a*— &<t£titz<<-xmm 1 1 3^ 

[0 0 4 5] #cle\ ^=ir«»(c*0S-r5ffiB^j»tt 
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&y<^ — vSrJBriiUfc. tit, K7^x y fy^ 

jg) $r2 5 0 /imf B 11t'4$«Lfc e 

[0 0 4 6] Iklcm 11(b). (c ) iZTjk-fX 0 JC\ 
^-^SSl 1 3<DWm^l 1 2 ± 

*r®*&U EI8ic^Ly5:^»RaSt3SH8 Oicir^/ h L 

tz 0 m8iz.7fk-fft&tf7xm<DM8 3<7>^e^s, mi 

1 ( d ) IOTt^-^IS 1 1 3 (^T§?^ 7 y KI 1 1 

20 [0 0 4 7] ^Lt^^^^lt, 3£*HR<Z>#*C8 
4*rjSUT£-l3\ i^7^l8 3(D^® J: 9, *^ 
IfcSrIHJtU «*«USft;ttllBl UMft^, 371 
1 5 &BJ&. Is i8 3£rP«Lt 0 rco^, HIl 1 

( d ) IZTft-T <£ 0 T^^ 77KI1 16 cQ##ffjJg 
^cfn(c 4^:conr l 1 5 ^Jf^^n/c 0 

[0 0 4 8] gi#«v^r*?)ttlLfe*«±#:*i:»L-c, 
HIl 2 (e) (ctf-TJ: ?le\ TSP*7 * KB l 1 6 km 
-§{ff*n30i^'>ro«ffiS:37 1 1 5 Srfi^iitf 
i 9 IT ±ffi^ 7 y Kl 1 l 7 *^dt It, 3Eic 

it\ mi 2 (f) M^-TJ: 5(e. *7 7^^<«*»i, 
T8B*7y K1116, 37115, 19^7 3/ KB 1 
l 7d^*S3t«KI5l£fii:ft*+S*WjK»WiPD«:ff 

[0 0 4 9] *jt*O*«W»it*ffi^J:0f^«!L*:* 
5fi[jKKffiD 0 pJis mi 2 (f) 4$©37 
l l 5 7^51i^#0i£*K HKTIffl* 7 y KB l l 6 (c 

"C#5 0 '<£[1^5t^cDV^#c<D 
-££*l£ 0 Z<Dtztb^ ytyyt 't&m'fcm 1 l 1 (-M-< 

[0 0 5 0] 
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[mi] *^wHJS^Si l£:fctt6tt«Stif§fiffia> 
[HI 2] jtlftw»fflio***B»IE«>§BJ6(cflBv^ix 

[13] *l*w»l8l«>*W«»**«>RaJcfflv^?>ix 

[14] j|Jt<D»«l wBSB^ffi-CUitSH^:**^ 

[i6] mfa(vMm2i<ztertzytm&&&&v>m&jjW: 
[0 7] &mw<nmM<nMm3ic#tfzytw&i&m&<7> 

[19] ^ffi<o^ll8 3<o*«ifiKS*^«liStc:fflv^bix 
S#*»Htt««K*5^-<\ JR*liU8Mfc»JIB0>BHbXS 

[12] 



20 23 
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J&l 

[111] ^^<0||fe<7)ff^4^^oit55fe^^^p O u 
[112] HSS<7)JF^4fC^(t57fe^^a a o0^it^ 

&osimxa c^co2) ^-r^nii 

[113] f**(0-fl»tt***«KS«^Wffi«ritlll 
[114] t^*<o-»W**»»tKSfi^S!iS*ffi<oa 

[115] t^^co^u^ric^lcJ:53fe^l?SS«^Kit 
*ft(0«l&XS«r^-r»fffiig 







l l , 


5 9, 71, 116 


TU? 7 y KJf 


1 2, 


5 4, 7 2, 1 1 4 




1 3, 


5 5 *pm? 7 y Kl? 


i 


1 4, 


5 5a 




1 5, 


5 6, 7 3, 1 1 5 




1 6, 


5 7, 7 4, 1 1 7 


±M9 7 7 KB 


2 0, 


8 0 XftttHBAtttfi 


1 


2 1 , 


8 3 Sg^lftSrSia-rsS? 


2 1a 


SMKiOiSli 




2 2, 


8 2 T^nyjr 




2 3, 


8 1 Ji/n y? 




5 0, 


1 1 o &mm#7xmtii 


5 1 , 


1 1 1 




5 2, 


1 1 2 




5 3 , 


113 




7 5, 


1 1 8 &mm¥-ffi#7*mfc 


8 3a 







[13] 



20 




-9- 



(10) 



ftffl 2002-7 1993 



[Hi] lEU] 




[@5] 



me] 




-11- 




-12- 



